Introduction
Smart solutions have a key role to play in making cities sustainable and resilient (e.g., [1] [2] [3] [4] [5] [6] [7] ). A 'smart city', however, cannot only provide innovative solutions for urban infrastructure, better public services for the citizens and better use of urban resources but must also guide how people govern and make decisions so sustainable urban development can be ensured [8] . Through the use of digital technologies and urban data that are open to the public, more sustainable forms of governance are possible (e.g., [9, 10] ). Yet the changes in urban governance triggered by Information and Communication Technologies (ICT) pose new questions about the role and importance of data governance for achieving the goals of sustainable development. By increasingly involving urban actors in smart city initiatives, local government is expected to adapt and make effective use of these changes so smart solutions have long-term positive impacts for people and their city. However, demonstrating smart sustainability through the data that cities generate and use raises many governance questions ( [6, 7, [10] [11] [12] ): For example, 'How does the relationship between government and civil society change in the era of digital data?'; 'What is data governance in the context of a sustainable smart city?'; 'How can data governance be operationalised in smart city initiatives so meaningful and valuable data are created and utilized for the purpose of sustainable urban development?' Complementing general views of the smart city as a blend of institutions, processes, people, and technology, this paper elaborates on the role of data and data governance. We argue that data governance requires engaging with stakeholders in a collaborative process to generate and use the data necessary for developing smart solutions for sustainable urban development. While the debate about data governance in the smart city is growing, there are limited studies that deal with data governance in local-level sustainability initiatives (e.g., [6, 11] ). In this study, we presume that smart cities require sustainable development and identify the challenges and opportunities that local smart initiatives face in pursuing sustainability objectives. This paper is inspired by works by Saujot and Erard [6] , Goldsmith and Crawford [9] and Urban Transitions [7] ; however, in the study we provide a connection between smart city data governance and sustainable urban development (e.g., [13, 14] ). First, we discuss the 'smart city' discourse and outline how sustainability has become increasingly fused with it, based on which we discuss data governance in the smart city and in local initiatives. The paper address two specific questions: First, 'What constitutes data governance in the sustainable smart city?' and second, 'What are the challenges and opportunities to data governance in sustainability-driven smart city initiatives?' These questions are answered empirically and critically through a multi-methods approach. This comprises a retrospective literature review to provide the conceptual framework for studying data governance in smart and sustainable city initiatives, and a stakeholder survey of professionals in three European cities. Since smart city governance is an evolving concept, the contribution to data governance research at the level of local initiatives-which make a city smarter (e.g., [15, 16] )-is an important topic. The current research is exploratory in nature; its main objective is to gather preliminary information and form insights that will help define key issues in the field and suggest hypotheses for future studies.
The empirical work is carried out in three case study cities in Europe-Manchester (United Kingdom), Eindhoven (The Netherlands), and Stavanger (Norway)-which form part of the Triangulum project (2014-2019). Triangulum is a €25 million Horizon 2020 project funded by the European Commission that aims to develop cutting-edge smart city solutions across the domains of energy, mobility, and ICT to underpin sustainable smart urban development [17] . With a reference to a Monitoring and Assessment Framework that was developed by the authors of this paper in a proceeding Triangulum study ( [18] and findings of related research on 'smart sustainability' as a new urban fix [19] , the current paper contributes a new understanding of data and smart city governance with regard to the sustainability of local initiatives (e.g., [15] ). We analyse case study documents and qualitative data from the data governance survey administered to government officials and other actors who are responsible for the initiatives with respect to six key areas of Data Governance in a Sustainable Smart City Initiative: The project's context, data identification, data collection and generation, data sharing and management, data use and legacy. The insights and lessons learned from this multiple case study do not constitute a checklist, but can rather be used as guidelines when applying data governance in a local context. Results of the study can influence further development in the Triangulum projects as well as developments in three 'follower' cities, where replication of the solutions is to take place-Leipzig (Germany), Prague (Czech Republic), and Sabadell (Spain)-and beyond. The remainder of this paper is organised as follows: The next section provides an overview of the literature and the proposed conceptual approach to understanding and implementing data governance in smart city initiatives. The subsequent section describes the methodology, the case studies and Triangulum's Framework on Data Governance. Then the following section reports the findings from the analysis of the data. The final section addresses the limitations of the study and future research, and offers concluding remarks.
Theoretical Foundations
In this section, the key concepts are embedded in their theoretical contexts. A discussion of the literature aims to help us understand sustainable development issues and the complexity of smart city data governance.
Sustainable Smart Cities as a New Urban Policy Paradigm
Over the last decade, the concept of the 'smart city' has evolved as a radical new approach to remedy urban problems and make urban development more sustainable. Many urban scholars and European Commission (EC) policy makers envision that 'smartness' will drive urban transformation, with smart cities becoming the engines of sustainable development ( [2, 20, 21] ). To turn these transformative visions into reality, the EC has invested €210 million in so-called 'Lighthouse' initiatives, which seek to demonstrate, at scale, the benefits of digitally driven smart sustainable urban development [22] . It appears that the smart city agenda is being augmented and extended in present time in the domains of policy and emerging research by notions of sustainability. However, on what basis this augmentation takes place and where the evidence is for that basis is not clear. A question arises: 'Does a rhetorical commitment to sustainability mean that sustainability is actually being delivered?' Existing smart city research suggests not.
With the expansion of ICT in all spheres of life, the literature on the smart city has grown radically since the late 1990s. Starting from the original notion of 'smartness' in which ICT plays a key role in improving quality of life and achieving economic excellence in the city [23] , the definitions of the smart city have mainly evolved along four key directions, representing the perspectives through which the concept has been studied: Technology, people, institutions, and processes [24] . Smart innovations-not necessarily based on ICT-that utilize city resources and improve local everyday life are being reported to drive flagship projects in Europe and beyond. There is an unprecedented amount of literature on the smart city topic today, yet-as ambiguities remain-interest continues to grow. A number of comprehensive studies have recently attempted to explore its complex landscape (e.g., [5, 16, 21, [25] [26] [27] ). One common vision is emerging-that the smart city is a multi-dimensional and multi-layered concept that includes a wide range of elements. Thus, the majority of authors suggest, smart cities should be studied and analysed on the basis of multiple components, in their specific context. Alongside these debates, recent discussion of the conceptual definition of smart city has also emphasized the relation of the smart city to sustainability. Proponents of this vision have argued that, contrary to what is usually perceived, the smart city paradigm does not only deal with technology but also with the socioeconomic and environmental issues of the city, as well as the increased amount of available data and the enormous potential of ICT applications. It was Hollands [28] who first called for a conceptualization of the idea of a smart city to include important aspects beyond technology. Nam and Pardo [5] went further and proposed that the smart city should no longer refer to the diffusion of ICT but should look at people and community needs, and therefore "smart cities should be sustainable, converging economic, social, and environmental goals." Thus, ". . . technology needs to be understood as a means to enable social, environmental, economic, and cultural progress in cities" [5] . In this context, achieving urban sustainability goals depends on the direct participation of local actors and stakeholders in the process of thinking, defining, planning, and executing social, technological, and urban transformations in smart cities [29] . In this way, integrated-social, economic, and environmental-meaning can be given to smart city solutions [30] . In the growing debate about the role of 'innovation' in the smart city, Anthopoulos and Reddick [24] also added that the innovative solutions that many cities seek today-not limited to but mainly based on the ICT-should aim to enhance local sustainability and the everyday life of citizens.
Yet, the transformative credentials of 'smartness' are relatively unknown and its environmental, economic, and social challenges remain little studied [19] . The emergence and contradictions of sustainable smart cities remain under-researched, and they are widely recognised as being in considerable need of further conceptual and empirical research [31] . The attempt by authors to wrap a pre-existing agenda of 'sustainability' inside the new agenda for 'smartness' is not yet supported by enough evidence that demonstrates that this position is plausible. As Komninos et al. [32] found, no smart city application or solution has yet fostered a truly radical change in city sustainability. Detailed documentation on the impact of smart city solutions for cities is also rare. The Amsterdam Smart City, for example, which is one of the best-known smart cities globally, aiming to enhance sustainability in the fields of living, working, mobility, and public space through a consortium of public and private organizations, is yet to show a real, measurable impact. Why, in the absence of this evidence, does the drive for 'smartness' continue then? Do its drivers lie in the delivery of sustainability? It is around this issue and the role of governance that the present research has evolved.
Smart City Governance and the Role of Data
In line with the growing debate about the role of people and communities in the smart city, studies have acknowledged the leading role of governance in attempting to make the city smarter and more sustainable (e.g., [5, 13, 16, 21, 33, 34] ). The governance domain has also emerged as critical to realising the broader objectives of smart urban transition (e.g., [7, 8, 19, 35, 36] ). Despite the varied approaches, smart governance is considered core to smart cities and includes citizen participation in sustainable collaborative processes based on ICT ( [14, 35] ). In this dynamic, stakeholder relations, the ability to cooperate, and the structure of the collaborations are defined as the key factors of success ( [34, 37, 38] ); promoting data exchange and communication are important drivers [39] . Following Odendaal's approach to smart city governance and the ideas of sustainable and smart urban development from the previous discussion, the current research focuses on the role of data governance with the view that it is about the alignment of technological potential with urban governance strategies and processes to form a consistent sustainability approach to tackling urban problems collaboratively by stakeholders [40] . In essence, our working assumption is that the purpose of data governance is to create collaborative smart solutions for sustainable urban development [7] . The overriding hypothesis is that the smart city paradigm reframes governance as opportunities for stakeholders to engage in decision-making processes in the pursuit of a better life in the city [36] . In this context, smart city governance employs a citizen-centred view in which citizens and other stakeholders are treated as key assets for developing and implementing smart cities [41] . This implies that what makes smart governance work is governance capacity (e.g., finding human capacity and ability to engage, relational capacity (e.g., developing sustainable and trustworthy relationships and shared commitment), and organizational capacity (coordination, communication and integration) [42] . Despite the growing emphasis on the role of governance, however, the smart city paradigm surprisingly underestimates the complex governance dilemmas that emerge from the availability of 'big' and 'open' data in the smart city [43] and the 'data governance' construct remains a largely under-researched theme. Even more so, the potential of data governance dilemmas emerging from the smart cities narrative are yet to be given empirical attention.
Towards Understanding Data Governance and Sustainable Smart City Initiatives
It is obvious that all societal sectors are being affected by what is often called a 'data revolution', whether it is the economy, energy, mobility, health, well-being and environment, government, community and everyday life, consumption, or leisure. Within all such sectors, diverse sources are generating enormous amounts of data that are directed, automated, or volunteered ( [3, 31] ). Much of this 'big' data is also accessible to the public, thus 'open', and in that respect promoting transparency and data-empowering citizens, businesses and civil society [44] . In the context of urban government, such data pertain to all areas of life in the city-demographics, housing, traffic, pollution, crime, and health; essentially anything public authorities register and manage. The 'open data' agenda of the European Union advocates that data should be freely used, shared and built on by anyone, anywhere, for any purpose, to drive innovation and yield major social and economic benefits in the member states [12] . Although limited, there is evidence that the willingness of government and citizens to share and experiment with data for their own benefit is increasing. Moreover, 50% of European citizens in large cities are predicted to be sharing personal data with Smart City Programs by 2019; the Digital Customer Service of the European Union forecasts that through open data 20% of local government organizations in EU countries will generate revenue by 2020 [44] . However, to make these predictions into evidence of what is already occurring, it seems that studying the complexity of data in the smart city asks research to focus on the key concepts of urban governance (e.g., [43] ).
As in the development of smart urban solutions, a variety of actors can be engaged in collecting, analysing, creating and presenting urban data, leading-again-to variable actor relations, in which citizens can participate in variable ways [45] . Our sustainability approach to the smart city emphasizes that data governance should be an inclusive and iterative process of data development by the stakeholders for the shared benefits of both people and city. This characterization implicitly builds upon the role of the data governance through stakeholder engagement and citizens' participation, for addressing specific social and urban outcomes, such as health, energy efficiency, mobility, and environment. Data governance can be considered at a high level of transformation as it requires transformations in internal and external relationships and structures in the smart city. However, considering that the smart city comprises various locally based initiatives, we also argue that these transformations in data governance have to occur at the level of smart city projects as well. Whereas until now the role of data governance mostly focused on the smart city level, the issues of data governance and its sustainability challenges emerge as a field requiring specific attention on a local level as well.
The governance agenda of local initiatives has been long established in the urban sustainable development domain. In studying governance in the smart city, Alawadhi et al. [5] too recognised the need to study participatory governance in local initiatives. Promoting collaboration in specific areas (inter-organizational, inter-sectoral, and government and other stakeholders) is held to be one of the important success factors for smart city initiatives ( [5, 38, 39, 46] ). Just recently, van Winden and van den Buuse [47] also found that overlooking the challenges to 'partnership governance' accounts for the ". . . lack of scaling of smart city projects, many of which fade out after the pilot stage and fail to generate scalable solutions that contribute to sustainable urban development". Yet, governance approaches are still not well integrated into smart city frameworks [19] and relatively little is known about the effectiveness of collaboration in sustainable smart city initiatives. Likewise, the ways that governance and new data sources such as social media, the Internet, and sensors are making cities smarter are also unexplored. The sustainability dimension of this dynamic is even less debated. At the same time, it is possible that through engagement with local communities and stakeholders, local smart initiatives can draw on the opportunities (and drawbacks) of new urban data, technologies and networks, with a particular focus on urban sustainable development. This means that governance is in effect the landscape for understanding and driving processes and activities in data-sensitive issues related to sustainability in the smart city. Figure 1 illustrates the integrated nature of our research agenda of smart city governance. These cluster-transcending elements are especially important in developing more understanding about data-sensitive governance in smart cities as well.
The potential applications of data governance in the smart city can be significant. Through data governance, cities can tailor data to the specific needs of the stakeholders in important areas such as urban decision-and policy-making, service development or management. They can also realise their sustainable development goals in urban sectors (e.g., [4] ). Opening local government data to the public can empower stakeholders and provide for more effective data use for everyone [48] .
Giving access to open data that matters to citizens can also provide people with a citizen-specific and contextualised smart environment. The realisation of these potentials, however, poses questions about creating 'meaningful' data that account for the context and the objectives of the sustainable smart solutions [49] . Even so, harnessing data to improve urban sustainability is a big step cities are yet to take. As connectivity and collaboration are growing ever more, it seems important that smart cities and their citizens become more aware of the value and potentials that data governance has for sustainable urban development. Developing smart city projects that deliver services and infrastructure that meet sustainability objectives can help with studying this phenomenon.
about the effectiveness of collaboration in sustainable smart city initiatives. Likewise, the ways that governance and new data sources such as social media, the Internet, and sensors are making cities smarter are also unexplored. The sustainability dimension of this dynamic is even less debated. At the same time, it is possible that through engagement with local communities and stakeholders, local smart initiatives can draw on the opportunities (and drawbacks) of new urban data, technologies and networks, with a particular focus on urban sustainable development. This means that governance is in effect the landscape for understanding and driving processes and activities in data-sensitive issues related to sustainability in the smart city. Figure 1 illustrates the integrated nature of our research agenda of smart city governance. These cluster-transcending elements are especially important in developing more understanding about data-sensitive governance in smart cities as well. 
Operationalising Data Governance in Sustainable Smart City Initiatives
In the search for what drives governance success in smart city initiatives, authors have drawn frameworks that explain differences in context, aims, and achievements. With regard to data, what appears important from the literature on data governance discussed earlier are the issues of meaningful data (or data relevancy), quality of data, as well as the challenges to collect and apply data, including the issue of data literacy for the citizenry of the smart city. Considering that smart city governance is based on stakeholders' sharing and aiming of common sustainability goals, the access to and legacy of data seem critical for the success of local initiatives beyond their lifetime. Generating data that reflect on the visions and aspirations of the stakeholders seems important too. In this context, collecting data that ensure an understanding of the impacts that smart city initiatives have on various aspects of a smart city-governance, people and communities, economy, natural environment, and built infrastructure (e.g., [16] )-is another key factor. Finally, securing data that show how stakeholder relationships influence these factors as well as the different level of impacts collaboration has on the outcomes of the initiative and the broader urban sustainability agenda of a city are dimensions of data governance that deserve attention as well.
Following the preceding discussion, we can suggest that 'data governance in smart city initiatives' is about utilization of data and new technologies-the Internet, sensors, and social media-to identify, collect, generate, share and employ data developed for and by the citizens, urban governments, businesses and academia, to create smart and sustainable urban solutions in local areas and communities (e.g., [50] ). Although there are a number of local initiatives-such as Greater London Authority's use of open data to stimulate sustainability [43] -little is known about their data governance challenges. To study the phenomena in sustainability-driven initiatives in Manchester, Eindhoven and Stavanger, this research brings forth some key dimensions of data governance in the smart city, identifies the conditions that shape them and underlines its contributions to sustainability (social, environmental and democratic). Specifically, we look at how smart initiatives-districts and experiments-are appearing in cities, and how these phenomena can reshape cities in their search for sustainability.
The study is carried out in close collaboration with officials from the Cities of Manchester, Eindhoven, and Stavanger, and respective their stakeholders, to ensure its value for the practitioners, citizens, and policy-makers. As we focus on actually existing examples of smart city initiatives, the findings of the study can appeal to both scholars and practitioners. The aim is to present the acquired insights in the form of research-based knowledge of governance and sustainable urban development, which can be utilised to enhance data governance in smart cities. As it was revealed, this knowledge is a dire need, since the alignment of smart governance with data governance and sustainable smart city strategies is a key challenge for our cities. Having established the conceptual foundations for our empirical research, we turn to exploring how data governance is being constructed within the Triangulum case cities. In doing so we focus on the main dimensions that construct data governance, and the sustainability pressures necessitating and shaping its presentation.
Method
We apply multiple case studies research to answer the 'what', 'how', and 'why' questions of the data governance phenomenon within the real-life context of the smart city. We use qualitative research methods in case studies not only to explore and describe the phenomenon-to capture the complexity of the smart city data governance and the contextual conditions of each local initiative-but to explain causal relationships and develop a theoretical hypothesis [51] . Following, we conduct a stakeholder survey to explore what drives or hampers data governance in local initiatives and the challenges posed by sustainability. Two types of data sources were used in the study-primary and secondary. Secondary data were mainly sourced from scientific publications and smart city research presented at top international conferences. Data gathered from various articles and books available in online libraries like Google Scholar, ScienceDirect, Scopus, IEEEXplore, and Triangulum's formal and informal documentation (project's description of work, study reports, working/journal papers, workshop minutes, and online group discussions) helped generate a smart city data governance conceptual framework. Primary data were gained through a self-administered stakeholder survey carried out in the three Triangulum smart city cases.
The research questions of the study and its conceptual approach guided the design of the survey questionnaire, composed of open-ended questions (see Appendix A). The qualitative methods are suitable for this study as they enable us to probe for more information and clarification of our research hypothesis [52] -that sustainability shapes data governance in the smart city-drawing on not just the perceptions but also the experiences, opinions, and attitudes of the participants in real-life smart city initiatives. Survey questions are mostly open because they can increase the richness of answers and relationship mapping between the key dimensions of the conceptual approach employed. In addition, the research aimed to retrieve data from the perspectives of all stakeholders so governance issues could be tackled. The self-completed questionnaire is well suited for this research as it allows for a good rate of responses [53] .
A number of limitations relate to the research design. As the investigated problems are in a preliminary stage and large sets of data are difficult to collect, exploratory research is applied based on a conceptual framework. The findings of this study are therefore restricted to the available sources and early stages of theoretical and empirical development in the domain. The discussion is based on limited empirical evidence and is primarily descriptive, but the conceptual framework and Triangulum's integrated approach to data governance provide for stronger theoretical resonance to the empirical results. The self-administered questionnaire is exploratory in nature and is used as a starting point for other methodologies to further explore the research questions and collect more comprehensive data in a subsequent stage. Furthermore, the study aims to yield findings with research and practical implications based on existing project and pilot cases that may have influenced the design, application, and findings. Potential flaws are mitigated by the long-term involvement of the two lead authors and members of the Manchester evaluation team in projects and research across the fields of smart cities, governance and sustainability. Finally, as the survey administration was placed in the hands of the managers of the pilot projects, and due to organisational issues, it could have not been handled collectively by all actors, as was the intention. Yet, the diverse expertise of the respondents is a positive factor, as it reflects the views of the different stakeholders in the smart city.
Triangulum's Specific Approach and Case Studies
The Triangulum international project aims to test and demonstrate the benefits of integrating smart technologies across urban energy, mobility, and ICT sectors in three 'Lighthouse cities'-Eindhoven, Manchester and Stavanger-each of which is seeking to position itself as a leader in smart and sustainable urban development. All three cities have shown a strong political commitment to offer their urban space as a living lab for innovative, co-created, smart city solutions. Manchester, for example, seeks to reduce air pollution, traffic congestion, and energy costs while fostering economic growth, developing a digital infrastructure, and fostering citizen engagement with digital infrastructure. Eindhoven has the ambition to be energy-neutral by 2045 to contribute to a drastic reduction of the overall CO 2 emissions and sustain human life in the city. With this target, Eindhoven seeks to engage with urban stakeholders in its policy and decision-making processes in all spheres of urban life that influence the process. Stavanger holds the title of the 'European Capital of Energy'. With a long tradition of citizen involvement and a well-developed ICT cluster, the city wishes to become one of Europe's foremost sustainable cities by promoting integrated solutions across ICT, energy, and mobility.
Triangulum also seeks to replicate successfully demonstrated solutions or activities in three 'follower cities'-Prague, Sabadell and Leipzig-as well as elsewhere through a common standardised approach of smart and sustainable urban development. The outcomes that Triangulum seeks to deliver by 2020 are: A significant reduction of energy demand and local GHG emissions whilst at the same time enhancing quality of life, delivering efficient and clean mobility to residents and local workers, and providing the basis for economic growth and development in the participating cities [18] . The consortium seeking to realise these sustainability goals consists of municipal governments, regional development agencies, built environment consultancies, construction companies, digital economy enterprises, non-for-profit organisations, and universities in the six countries. As one of the first round of Lighthouse initiatives that started early in 2015 and are expected to demonstrate sustainable smart solutions in 'module projects' across three European cities, Triangulum offers opportunities to study data governance in real-life local initiatives in greater detail.
Building on the concept of 'urban living labs', where collaborative innovations occur, Triangulum promotes a form of smart city development that frames the city as a series of module projects. The vision is that it is at this project level that impacts are generated and thus causal relations between interventions and resulting impacts can be established and verified [54] . This focus is critical as stakeholders together identify the benefits of the solutions and link them to indicators and metrics, thus creating individual project-based assessment opportunities. The projects represent the building blocks of Triangulum. They are the scale at which consortium partners seek to enact smart cities and the level at which replication can be achieved through procurement and decision-making processes. The project scale is also considered the most consistent scale for measurement and comparison, because cities differ widely in their smart city context. Triangulum's high-level activities are primarily framed by consortium members as the development of sustainable smart urban districts-two districts in each of Eindhoven and Stavanger, and one district in Manchester. These sustainable smart districts are being understood as spatial constructs, but also as discursive constructs in that they are both actual places and visions of what these places should become in context of the rhetoric that surrounds Triangulum. The process of realising these visions is based on collaborative creation of data and integrated communications in old or new spatial districts to develop smart city solutions that meet the needs of sustainable development. In contrast to previous EU projects, Triangulum does not focus on a broader public policy agenda of smart city development, but rather works from the micro-scale up to the city level and in reverse in order to determine how module projects fit together to achieve smartness, sustainability, and overall contribute in the long term to the creation of a smart sustainable city [18] .
The districts vary in their characteristics and the key objectives pursued by those who govern them: Residential (Hillevåg, Stavanger and Eckart-Vaartbroek, Eindhoven), urban (The Corridor, Manchester and City Centre, Stavanger), and formerly industrial (Strijp-S, Eindhoven) districts are sites for Triangulum's sustainable smart urban solutions. Some districts have been established for almost a decade (The Corridor, Manchester), while others were newly created to provide a vehicle for the Triangulum interventions (the two Stavanger districts). Across these districts, forms of urban governance that Triangulum supports and reinforces are in general entrepreneurial in their pursuit of economic growth and competiveness goals, alongside a desire to address longstanding social and environmental challenges arising from the ongoing growth of economic activity. In terms of the former, competiveness goals are particularly prominent in the Corridor district (to become a world-class innovation district) and the Strijp-S district (to develop an international reputation as a place to live and for new start-ups to grow). Triangulum's activities are also strongly orientated towards addressing a specific and longstanding environmental challenge, the reduction of carbon emissions to sustainable levels. Challenges in all three project areas-environment, mobility, and ICT-are being addressed in all five districts and smart data governance practices are being constructed simultaneously in all districts.
Research Design
Triangulum adopts a 'quadruple helix' approach to collaboration-based on partnerships between public sector, private sector, univer sities, and citizens. The cross-sector collaborations that have been developed to date involve private sector companies who deploy smart technologies in collaboration with a diverse range of local infrastructure owners including housing associations, municipal governments, universities, and private homeowners. The extent to which citizens are actually engaged in Triangulum varies from district to district and from project to project:
•
In the Corridor district (Manchester), the focus of low-carbon technology deployment on the university campuses has limited the possibilities for residents of the wider city to shape modules and derive benefits from them, which raises questions about how the benefits to them will, in practice, be verified and measured.
In the Eckart-Vaartbroek district (Eindhoven), low-carbon technologies are being deployed in low income households proving them with the opportunity to act as co-producers of renovation process and benefit directly from Triangulum's investment.
In the city centre (Stavanger) low-carbon technologies are being deployed to provide public transport services and reduce energy consumption in selected domestic households, offering opportunities for some citizens to directly participate in Triangulum's activities.
Triangulum pursues a strong governance approach to data in its initiatives, based on six main principles:
1.
In Triangulum, smart cities are to be co-created with the citizens. Stakeholders are involved in the process of development and improvement of smart city solutions, to ensure that solutions are demand-driven and contribute towards real-life improvement of cities.
2.
Triangulum seeks to capture the myriad ways in which the smart city initiatives are embedded in the city to develop an understanding of their context, and overall or total benefit. 3.
Triangulum adopts a comprehensive monitoring and assessment approach with a focus on the scale of demonstration initiatives-in districts or local areas-so causal relations between interventions and resulting impacts can be established. Impacts are being measured context-specifically in each initiative in terms of its own objectives. Both governance and sustainability-relevant issues are being taken into an account. The University of Manchester is leading the monitoring and impact assessment activities, together with academic and government institutions from the Lighthouse cities.
4.
A highly collaborative approach to data development is adopted, driven by and supporting the needs and capacities of local stakeholders. It falls into both the spatial and digital landscapes in sharing a desire to make urban development and infrastructure more sustainable, based on governance structures and the creation of data. Data are being made openly available, enabling key actors (including project partners in Lighthouse and follower cities) and external users to engage with, use and create value from Triangulum datasets. In addition to collecting and analysing a range of quantitative data, work focuses on the ability of cities to provide and use different forms of data at different spatial and temporal resolutions.
5.
A bottom-up approach is adopted towards data development in the project's initiatives. Stakeholders are involved from the onset of the creation of the smart city solution, from setting up its objectives and parameters, to the desired impacts and the data and metrics its realization requires. Having real smart city projects to study and assess data governance is a unique feature that Triangulum offers. 6.
Triangulum partners and urban stakeholders are also learning partners, so preferred metrics and datasets are determined by consulting extensively with all parties so appropriate data are obtained on time. The approach recognises that the understanding of smart data and available datasets will evolve over time as activities mature. In this way, Triangulum stakeholders are encouraged to prioritise data governance-sensitive issues and develop collaboratively the data that the initiative needs.
During the first 12 months of the project, in the process of developing Triangulum's Impacts Assessment and Monitoring Framework, a set of structured reflections on the process of identifying and securing data with the partners in the module projects were collected from the cities [54] . These reflections highlighted some of the key areas that data governance must address. It also transpired that data should be relevant to the specific context of the module project. This emphasized the need to understand the specific conditions in each initiative as regards its capacities to deliver the desired impacts and the metrics and data necessary to verify them, before each module commences. Thus, at a very early stage it was attempted to understand what stakeholders want and are able to measure and, as the impacts of the initiatives become apparent, what is most important to measure. To contextualize the data-sensitive issues, a stakeholder survey was carried out.
Data Governance Survey
Development of the survey, over the autumn of 2016, was led by researchers at the University of Manchester. The survey was designed to address issues associated with data governance within, and related to, Triangulum. Specifically, data created by Triangulum module projects and data used to assess their impacts, including data from city stakeholders outside the project, were the focus. Five specific objectives were set up by the survey:
• Capture insight from the ongoing discussions within the project relating to data generation, collection, management, sharing, and use; and make some tentative recommendations.
• Provide a preliminary understanding of the highly collaborative approach to monitoring and data collection that is driven by and supports the needs and capacities of local partners.
•
Identify the key challenges for the Lighthouse cities in terms of data monitoring during and after the project ends.
• Support efforts to create sustainable processes and structures of data development during and beyond the lifetime of the Triangulum project.
Shed light on the key barriers to a data-driven sustainable smart city.
The conceptual framework proposed below (Figure 2 ) visualizes the main pillars of Data Governance in Smart City Initiatives that derive from both the literature review in the current study and Triangulum's activities.

The conceptual framework proposed below (Figure 2 ) visualizes the main pillars of Data Governance in Smart City Initiatives that derive from both the literature review in the current study and Triangulum's activities. The above diagram includes three key dimensions-data collection, use, and management-identified in the prior studies of data in smart cities (see Section 2.3). Additional dimensions-project context, data identification, data generation, data sharing, and legacy of data-identified by the current study are added. These dimensions are categorised into six clusters in a sequential structure. The Data Governance Survey focused on the key decision domains of data governance that were identified by the case studies in the initial baseline stage. These are the following:
Data collection and generation. Questions in this section of the survey focused on the technical, policy, organisational, and regulatory enablers and barriers to collecting and generating data within the Triangulum project, and how partners had collaborated in the process.
Data management and sharing. Questions in this section of the survey focused on: The technical, policy, organisational, and regulatory barriers to sharing data generated within the Triangulum project; how data are managed within a pilot project; and, if novel approaches to data management are being developed. It is important to say here that in the current study, based on Weill and Ross [55] and Kharti and Brown [56] , we differentiate between governance and data management as follows: Governance is about the decision that has to be made to ensure effective data management and 'who' makes the decisions 'how'; management involves implementing the decisions, including determining the actual metrics employed; in our case it refers to planning, development, implementation, and administration of the systems for the acquisition, storage, security, retrieval, dissemination, archiving, and disposal of data [57] . Here, we focus on the former.
Data use. Questions in this section of the survey focused on how members of the Triangulum consortium expect the data generated to be valuable to citizens, businesses, and municipal authorities and other public bodies.
Legacy issues. Questions in this section of the survey focused on which aspects of data collection, storage, or provision will or should outlast Triangulum, and the barriers to long-term data collection and provision.
Data development and project working. Questions in this final section of the survey focused on the effectiveness of adopting a collaborative approach to data collection and project working. The survey was conducted during February 2017. For its implementation, the Triangulum Evaluation Team focused on identifying partners in the project consortium who were collaborating on impact assessment and monitoring activities, as well as activities relating to the generation, collection, and sharing of Triangulum data in the smart city initiatives. Researchers in Manchester, Eindhoven, and Stavanger identified potential survey participants to target within their respective cities. As a result, a total of 18 potential survey participants were identified (10 in Manchester, four in Eindhoven, and four in Stavanger). An invitation to participate in the survey was circulated by email to these 18 partners, and survey responses were received over a two-week period (8-22 February 2017) . Throughout this period, email reminders were sent out to all potential participants, and targeted follow-ups were conducted where few responses had been received from partners in a specific Lighthouse city. In total nine survey responses were received (four from Manchester, three from Eindhoven and two from Stavanger). Analysis and interpretation of the survey responses was conducted by the Triangulum Evaluation Team.
Findings from the Analysis
This section reports the results from the survey with key data stakeholders from the three case cities. Insights presented below relate to each of the five key dimensions covered in the survey.
Data Collection and Generation

Collaborating in Data Collection
The survey responses indicate collaborative work is taking place during data collection within and beyond the consortium, and between public and private sector actors, in each of the three Lighthouse cities. In Eindhoven and Stavanger data created by citizens are being collected. Responses to the question relating to the benefits and impacts of adopting a collaborative approach to data collection indicate the question was not sufficiently understandable to survey participants. Hence, this remains a topic to follow up in future Triangulum research.
Barriers to Data Collection
The survey participants identified a range of technical barriers to data collection including: A lack of historic data; challenges managing the large volume of data generated; lack of interoperability between devices and technologies; lack of standardisation of data formats; and, technical challenges ensuring data security and integrity. No consensus emerged over which barrier was the most prominent or widely experienced, and hence it appears likely that technical barriers are dependent on the specifics of the socio-technical configuration of each of the modules. There was a stronger consensus around the primary policy, organisational, and regulatory barriers experienced, with survey participants from each of the Lighthouse cities highlighting privacy and associated ethical concerns as barriers to data collection. In Manchester organisational challenges, in the form of the limited participation of data owners outside the consortium, were also noted.
Data Management and Sharing
Data Management Practices
Within and across each of the Lighthouse cities survey participants held differing perspectives on the question of who is responsible for facilitating, controlling, managing, and curating Triangulum data. This suggests that further work is required to communicate the data management principles set out in Triangulum and their governance perspectives. Interestingly, the University within each Lighthouse city was identified as a key actor with responsibility for data management, while a number of responses named a single person as responsible for data management, potentially highlighting a lack of resilience within the project to loss of key staff members. There were mixed opinions on the question of whether or not innovative approaches to data management and sharing were being adopted within Triangulum. At least one survey participant from each city thought not. However, other survey participants identified innovative approaches in the form of: Development of the Eindhoven data platform; the accelerated take up of technologies for making use of data created by electric vehicles in Manchester; and opening up new discussions around data management as a prerequisite to adopting new and innovative approaches to data governance.
Barriers to Data Sharing
The survey participants identified similar barriers to data sharing, to those barriers to data collection discussed above, suggesting that drawing a distinction between barriers to data collection and sharing in practice is challenging or not particularly meaningful. Specific technical barriers were noted, including: Challenges integrating data from multiple sources within single data platform; a focus on static (rather than real-time) data in Eindhoven, and challenges in redeveloping an existing platform that was originally intended for university staff and students to allow access to data by the general public (Manchester). In terms of policy, organisational, and regulatory barriers, privacy was frequently mentioned alongside concerns about data protection.
Data Use
The survey participants held high expectations that the data generated within Triangulum will be valuable to citizens, businesses, and municipal authorities and other public bodies. Eight out of nine survey participants believe it is likely or very likely that the data will be valuable to citizens. This value is expected to be realised as open access to data raises public awareness, and personal data leads to behaviour change (particularly in energy consumption and environmental issues). Eight out of nine survey participants also believe it is likely or very likely that the data will be valuable to businesses, in large part because the Triangulum project is orientated to generating and sharing data that could enable new business models and be commercially exploited. However, a note of caution was sounded by one survey participant, who noted that it is difficult to predict whether data made openly available to businesses will be of value as this 'comes down to the creativity of companies and developers'. All nine survey participants thought it is likely or very likely that the data will be valuable to municipal authorities and other public bodies. In particular, these expectations are based on the potential of the data to be used in city management and data-driven policy making (including environmental policy related to energy consumption and air quality).
Legacy Issues
A range of perspectives on which aspects of data collection, storage, or provision will or should outlast the Triangulum project was evident from the responses to the survey, suggesting that there is a lack of clarity and formalisation around sustaining the Triangulum data ecosystem beyond the end of the project. However, some insights can be gained from the survey responses. In particular, three participants expected data that have a clearly defined role to play in a partner organisation (e.g., data from building energy management systems) will continue to be collected. Interestingly, one survey response suggested that the organisational learning relating to data collection, storage, or provision would be sustained beyond the Triangulum project, rather than the data itself. Again, there were differing perspectives on which aspects of data collection, storage, or provision should be sustained. A key theme of the survey responses was that data relating to the impacts of modules-including use of modules, economic, and environmental benefits realised-should be collected and stored and shared beyond the end of the Triangulum project. The Triangulum Data Management Plan identifies the key principles for data archiving and preservation until the end of the project, but storage of data beyond the Triangulum project period is to be undertaken on an ad hoc basis, with considerations given to ongoing use of data by smart city service providers, including municipalities, other partners, and third-party businesses (for example, smart city service technology start-ups). Also, research relevance will inform decisions to retain data subsets. In practice this may mean that the majority or all of the data collected will be maintained and curated indefinitely, but a key task for the following stages of the project will be to manage and support this process within the Lighthouse cities.
Barriers to Long-Term Data Collection and Provision
The primary barrier identified in survey responses to long-term data collection and provision was lack of clarity around how this might be funded. The response highlighted that sustaining data collection and provision would require funding for: Staff time to maintain data platforms and perform manual data collection tasks; and, to maintain and develop an appropriate technological infrastructure. In Stavanger, a further barrier was identified in the form of the contracts between consortium partners and households participating in data collection ending at the end of the Triangulum project.
Data Development and Project Working
This section of the survey posed the questions 'Has the collaborative process of data collection helped develop the scope and goals of the modules? If so, how?' Although three survey participants observed no evidence of this collaborative process, other survey respondents found that this collaborative process had helped with selection of technologies and approaches to data collection. Two responses highlight the central role played by universities; for example-'I believe that, by not having commercial interests in the data collected (or to be collected), the universities could safely play the role of coordinators and mediators in this process'. Other responses suggested that there remains the potential for closer collaboration between researchers and the organisations developing and deploying smart city modules.
Concluding Remarks and Future Research
The current study was driven by two research questions: 'What constitutes data governance in the smart city?' and 'What are the challenges and opportunities for data governance in sustainability-driven smart city initiatives?' An analysis of the literature showed that in the current drive towards smart and sustainable cities, 'smartness' is becoming a vehicle for the delivery of sustainable development agendas. In this context, sustainable development 'governance' becomes a main component of the sustainable smart city. The paper addresses the existing research gap concerning the ways in which smart cities are being deployed to deliver sustainable cities from the point of view of data governance.
The key findings of the paper reveal that smart city initiatives seeking to deliver sustainable urban development require engagement with stakeholders to collaboratively identify, collect, generate, and use data. Thus, sustainability shapes a more collaborative approach to data governance in the smart city that addresses broader calls to make smart data governance more responsive and collaborative. Each smart city comprises of local initiatives occurring in multi-level governance settings, but this study suggests that data governance is best operationalised at the level of each initiative-in urban districts or local areas-to ensure that all necessary data can be identified and provided in a meaningful format and timely fashion. Data development relies upon the mandates of all stakeholders, but government plays a key role in sharing data more broadly. Sharing data supports decision-making processes and stakeholder relationships that can shape the design and development of future smart and sustainable city initiatives.
The research presents the findings from the case studies and survey analysis with government officials and managers from three Triangulum cities, with reference to a Framework on Data Governance in the Sustainable Smart City. Given the cross-sector/actor and citizens-centred challenges, stakeholder engagement constraints represent key challenges to data governance in smart city initiatives. Yet, there is evidence that data governance can change data generation, collection, and use culture in the smart city. In smart city initiatives, participants can benefit not just from open access to data but from using it in ways that people and cities need. They can also add their own data so the desired impacts of the solution are reached. This way data governance raises stakeholders' awareness about the smart city and sustainability. It also facilitates collaborative learning, which may lead to behaviour change (particularly in energy consumption and sustainable transport). The nature of the stakeholder collaborations also raises questions around the extent to which smart data governance is understood by local populations.
The insights from the structured reflections and survey highlight key opportunities and challenges faced in smart city data governance. One such observation is that governance structures should be embedded in all key stages of data governance-from the identification and collection, generation and curation, to the use and management of the data as well as in securing its long-term legacy. A Data Governance Management Plan should identify the key principles for data archiving and preservation, not only to the end of the initiative but beyond its lifetime, with considerations given to on-going use of data by smart city service providers, including municipalities, other partners, and third party businesses. Data relating to the impacts of the initiative-including use of economic, social, and environmental benefits realised-should be collected, stored, and shared in the long term. Organisational and regulatory barriers relating to privacy are the most obvious challenges, alongside concerns of data protection and management. In terms of opportunities, it becomes clear that data are of use to citizens and cities, and it is very likely that the data will be valuable to businesses as well, which could enable new collaborative models and solutions to be commercially exploited.
It should be noted that this study presents a first analysis of data governance in smart city initiatives, and as such represents exploratory research. This exploratory research has helped us to gain insights and experience in formulating a relevant hypothesis for data governance in the smart city that is driven by the goals of sustainable development. In particular, it has been shown that governance of data in smart sustainable initiatives involves a set of six key data decision domains bundled in an iterative and sustainable collaborative process. By operationalizing the locus of data governance for each decision domain, the proposed Data Governance Framework can be used by practitioners to design their data governance activities.
The conceptual framework developed is preliminary. More definite investigations are necessary to consolidate the initial findings. The qualitative research applied is mainly descriptive in nature, so our intention is to follow-up with examinations of why the observations exist and what the implications of the findings are for further advances in the field. The knowledge gap derived from the exploratory research should be further addressed and discussed through in-depth interviews, focus groups, and/or quantitate studies. The self-administered questionnaire can serve as a starting point for other methodologies, so in addition to the indication as to the 'what', 'why', 'how', and 'when' sustainable smart city governance occurs, other issues such as 'where', 'how much', or 'how often' can be revealed. As only a limited number of experts were involved in the research, future research could involve more experts from all sectors of the smart city. This paper has highlighted the ways in which sustainable urban development is changing the ways in which local governments and other stakeholders can make use of data governance in their smart city initiatives. Future studies should focus on other cases in fine detail, in order to develop guidelines for data governance in a local context. Extending the scope of cases and practices around the world will advance this complex field.
5.
Data development and project working 5.1 Has the collaborative process of data collection helped develop the scope and goals of the modules? If so, how? 5.2 How has the process of data collection impacted upon working across organisations? 5.3 How has the coordinating role played by local universities impacted this process?
